Abstract We provide an example of how one estuarine research project engaged regional managers to help guide the research towards the needs of managers and policymakers dealing with shoreline management in the Mid-Atlantic region of the USA. Elements of the approach that contributed to success included a well-targeted initial request for proposals, a review process that included management input both as a review criterion and on the review panel, a careful process in choosing advisory members at the appropriate level in the agencies, regular opportunities for interactions between the management advisory group and the science team, and active involvement of a program manager as liaison throughout the life of the project. Engagement of a management advisory group changed some of the scientific approaches, helped to communicate results, and formed a foundation for incorporation into regional management and initiatives.
Introduction
Estuaries and coastal ecosystems are highly dynamic and productive systems that provide a variety of ecosystem services. Management of these systems requires knowledge of resource population dynamics and ecological processes, but in many cases, estuarine science is not fully or effectively incorporated into coastal management (CSO 2005; ORRAP 2007; NurseyBray et al. 2014; Cvitanovic et al. 2015; Coffey and O'Toole 2016) . Impediments to integration were identified in a 1995 report by the Ocean Studies Board and include cultural differences between science and management communities, overcoming institutional boundaries, governance issues, and differing time frames for producing scientific results vs. management cycles. These are inherent between the different disciplines of science practitioners and resource managers, and have not changed substantially in more than two decades since that report (Leschine et al. 2003; CSO 2005; McNie 2007; ORRAP 2007) .
Several recommendations from various groups have sought to improve interactions between science and management in the coastal zone. These have emphasized the importance of collaboration between scientists and managers or policymakers at every step, from setting research priorities and defining problems to oversight and guidance of ongoing research and ultimately in applications to coastal management (CSO 2005; ORRAP 2007; McNie 2007; Dilling and Lemos 2011) . Many also call for specific facilitation of these relationships by boundary spanning organizations in different phases of the process (ORRAP 2007; Matso 2012) or agency personnel themselves (CSO 2005) .
Adaptive management (Walters and Hilborn 1978; Holling 1978; Walters and Holling 1990; Walters 1997; Zedler 2017 ) is a process whereby management is flexible and responsive to scientific advances and stakeholder input. It allows for experimentation with policy approaches with a continual
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Electronic supplementary material The online version of this article (doi:10.1007/s12237-017-0261-y) contains supplementary material, which is available to authorized users. feedback loop between management and scientific analysis of the results from that management. Adaptive management recognizes that a system is dynamic, so a goal is to develop an optimal management capacity, not necessarily an optimal environmental state (Johnson 1999) . Scientific questions are usually based on determining how well management approaches are working and science results help to guide future management options. It can require substantial investment and institutional commitment in a complex process that includes a wide variety of stakeholders (Williams and Brown 2014) .
The process we describe is less comprehensive in scope than a full adaptive management approach. Instead of engaging a full spectrum of all potentially affected stakeholders, it focused on a smaller objective of linking managers and scientists during the implementation of a research program. It also functioned in the opposite direction-instead of management adapting to scientific results, an ecological research project sought to learn from managers and adapt their science to management needs. Relatively few concrete examples exist of this type of integration where management advice can steer ongoing coastal ecosystem science projects (but see examples in Leschine et al. 2003; Carney et al. 2009; Saarman et al. 2013; Matso and Becker 2014; De Lorme et al. 2016) . This paper will provide one example of a program that attempted to create a mechanism to engage regional managers in a scientific study of the effects of shoreline hardening on Mid-Atlantic coastal ecosystems. It is not intended to be an exhaustive review on the subject of linking science to policy and management but complements the other papers in this issue by providing management context for the science results.
Our goal is to provide an example that other estuarine science programs can use to structure their own processes for engaging managers and drive their own research towards outcomes that are useful in the management context. De Lorme et al. (2016) called out for more examples of collaboration between scientists and managers, and we offer this as one case study. We describe how management needs drove the development of the science program's request for proposals (RFP), outline the formation of a Management Transition Advisory Group (MTAG) for a specific project and its responsibilities, discuss how the functions of the MTAG differed in different phases of the project, and provide some results of the interactions between the MTAG and science personnel.
Methods

Formulation of Research Issues and Proposal Review
Engagement of management needs into this science program occurred before the start date of the individual project funded and continued after the end date of the project (Fig. 1) . The first stage of engaging regional managers began prior to the request for proposals issued by the National Oceanic and Atmospheric Administration (NOAA). National reports (Ocean Studies Board 2007) recommended research to understand the ecological impacts of hardened shorelines. A regional workshop that included both managers and scientists (STAC 2006) highlighted the primacy of this issue in the Mid-Atlantic region. Both reports highlighted a need for knowledge of sheltered shoreline processes and ecological services and the cumulative effect of many individual smallscale shoreline erosion control measures.
To respond to these stated research needs, the NOAA National Centers for Coastal Ocean Science issued a request for proposals (see electronic supplement for RFP: NOS-NCCOS-2008-2001064) entitled BCumulative Impacts of Stressors at the Land-Water Interface in the Mid-Atlantic^. The announcement requested proposals Bfor a regional-scale ecosystem research study investigating the cumulative impacts of multiple stressors at the land-water interface of estuaries and bays on recreationally, economically, or ecologically important living resource populations and communities.P roposers were required to identify management issue(s) addressed by the research and to specify how results could Baddress the needs expressed by managers for information that could allow them to manage the problem of protecting and/or restoring these fringing ecosystems, and the living resources that depend upon their integrity, in a regional framework.^The RFP defined management tools widely, including research syntheses and models. The proposal had to identify the end user group explicitly and include participation of co-investigators from both scientific and management entities.
The proposal review process in 2008 included resource managers as well as scientific experts. The final review panel comprised two scientists from Federal agencies involved in applied coastal research, two state agency representatives who manage coastal wetlands and shorelines and one academic researcher with expertise in coastal and marsh ecology. In addition, each proposal was evaluated by mail prior to the panel meeting, with at least one, and sometimes two of three outside reviewers being a resource manager. Review criteria for both mail reviews and the panel included a factor that evaluated evidence of managers being involved in the formulation of the scientific questions and projected outcomes (ORRAP 2007; Matso 2012 The overall goal of the shorelines project was to increase knowledge of the combined effects of shoreline hardening, watershed land-use, water clarity, diel hypoxia, and Phragmites invasion of tidal wetlands on habitat quality for submerged aquatic vegetation (SAV) and estuarine fauna (Prosser et al. 2017) . To address this array of subjects, the project was divided into four working groups with these foci: water quality, wetlands, SAV, and macrofauna (including: benthic invertebrates, gelatinous zooplankton, fish, crustaceans, and waterbirds). All the working groups interacted and all, except water quality, included researchers from more than one institution.
The research compared a number of sub-estuaries of the Chesapeake Bay and coastal bays along the Mid-Atlantic coast (Prosser et al. 2017 ). Each sub-estuary (an embayment at the mouth of a tributary stream) has its own local watershed. Sub-estuaries differ widely in their watershed land uses and occur across the full range of salinity, making them convenient, replicated study units for comparing systems dominated by different land uses and salinity regimes (e.g., Li et al. 2007; Patrick et al. 2014) . The comparisons spanned a range of spatial scales. At the broadest scale, there were comparisons of more than 100 Chesapeake Bay sub-estuaries and Delmarva coastal bay systems to relate SAV distribution to shoreline type, sediment characteristics, geomorphology, wave energy, watershed land-use, and other factors (e.g., Patrick et al. 2017) . Field studies compared selected subestuary and bay systems with watersheds dominated by forest, agriculture, or developed land. Comparisons at the subestuary scale provided insights into system-wide responses to whole system characteristics, such as watershed land use (e.g., Jordan et al. 2017 ) and shoreline composition. At finer spatial scales, comparisons of habitats and fauna adjacent to different shoreline types contrasted riprap, bulkhead, shallow Fig. 1 beach, and tidal wetlands with or without invasive Phragmites (e.g., Landry and Golden 2017; McCormick et al. 2017 ).
Formation and Utilization of the Advisory Group
Once the NOAA shorelines project began in fall 2009, the lead Principal Investigator (PI) arranged an initial meeting of stakeholders in the spring of 2010. This included more than 30 representatives of the states of Delaware, Maryland and Virginia; Federal agencies (US Army Corps of Engineers, US Fish and Wildlife Service, NOAA Chesapeake Bay Office) and nongovernmental organizations (The Nature Conservancy, RiverKeepers) along with project scientists and the NOAA program manager. The meeting provided an overview of the project's objectives and had breakout groups structured along the main areas of interest (SAV, macrofauna, wetlands, water quality). The breakout groups were charged with compiling needs of the management organizations that could be met by the project, and defining what the most useful research products might be. The managers in attendance were most interested in prioritizing habitats for restoration and demonstrating the importance of (unhardened) shallow habitats to the entire bay system, compared to altered shorelines. Useful research products included projections of habitat changes due to shoreline hardening and decision trees to help in deciding when to allow hardened structures for erosion control vs. when to build living shorelines. Annual meetings were recommended to update managers on research projects. This initial meeting with broad stakeholder participation was a one-time event but helped to identify interested parties and good candidates for an ongoing management advisory group that could help to guide the project and be involved in outreach to more local planning boards and individual landowners.
The project's lead PI and the Federal program manager used input from the stakeholder meeting to develop a Management Transition Advisory Group (MTAG). The MTAG would advise the program scientists on management priorities and information needs, and how to direct and package research results for optimal utility (see examples in results section). This group was not directly involved in the research itself but had evolving responsibilities during different phases of the research project. Overall, the MTAG had four goals ( Fig. 2 ):
1. Offer suggestions on research questions and approaches, 2. Be engaged throughout the life of the project, 3. Provide feedback from management on interim science results, and 4. Assist in translation and transmission of scientific findings to management agencies.
The formation of a MTAG involved a deliberate process led by the NOAA program manager (PM) with input from the project's lead PI. The findings from the project were intended to provide a basis for environmental management decisions by state resource management agencies, Federal agencies, and organizations involved in coastal and estuarine management. A main management decision point related to the project is the permitting of shoreline structures, especially hard structures such as bulkhead and riprap. Therefore, the PM looked to recruit MTAG members from Maryland, Delaware, and Virginia state agencies involved in shoreline permitting decisions. To span the geographic range of the research, MTAG members were sought from the Delaware Inland Bays and Maryland Coastal Bays programs as well as from programs related to Chesapeake Bay waters. The MTAG was not designed to have individual representatives from every stakeholder group with an interest in altered shorelines. Representing all stakeholders in a workable advisory group would be extremely difficult and would risk unfocused input. However, MTAG members did have communication lines set up with their own stakeholder groups and local communities and could provide input from them.
Several attributes were considered desirable in prospective MTAG members. First, in connecting science to management, it is important to engage people at the appropriate level in management organizations (Jacobs et al. 2005) . For the shorelines project, this was judged to be a middle level in the management structure-if the candidates were at a high management level in the organization, they were thought to be less available and less able to be engaged; if they were too low or new in the organization, their involvement might not be impactful. It was also important for MTAG members to have experience working at the interface of science and policy and to be available through the entire project duration. Finally, it was important that the candidates have sociable personalities and be good communicators so they would be able to reach out to other managers outside of the MTAG. The MTAG needed to be small enough to function effectively while still reaching enough people to provide varied input from a wide range of potential users.
The process of recruiting MTAG members took nearly one full year from the initiation of the project. It involved several phone meetings between the lead PI and the PM to determine the desired size, scope, and breadth of the MTAG; and numerous phone calls with prospective MTAG members to describe their level of commitment. MTAG members needed time to get permission from their supervisors, given the time commitment to MTAG and the lack of financial support from the shorelines project, except for travel funding.
The final MTAG included seven members with representatives from the Delaware Department of Natural Resources and Environmental Control, the Maryland Department of Natural Resources and the Maryland Critical Areas Commission, the Virginia Marine Resources Commission, The US Fish and Wildlife Service, and the Delaware Inland Bays Program and Maryland Coastal Bays Program. In addition, representatives from the NOAA Chesapeake Bay Office, the US Army Corps of Engineers, the US Geological Survey, and the regional multi-state Chesapeake Bay Program were invited to annual project meetings and participated in some MTAG discussions.
Annual meetings held during the course of the project allowed periodic updates (Fig. 2 ). Meetings were typically 1.5 days long and included a social event during the evening of the first day. Not only did this provide advice throughout the life of the project but it fostered an ongoing growth of trust between the MTAG and the scientific team. Science groups updated the MTAG on their plans, and then the MTAG met separately to consider how they might help to advise the project going forward. The NOAA program manager served as a facilitator for MTAG discussions. While the MTAG met separately, the science team met to discuss more logistical aspects of sampling and field plans, with the project principal investigator serving as facilitator. After the separate groups met, they reconvened and the NOAA program manager served as a liaison to report MTAG recommendations to the science team. During the field studies in 2012-2014 the MTAG received updates from the science teams and reacted to the science findings in a separate group, then reported back to the science team. By the end of the project, it was felt that there was no need to have separate meetings of the science team and MTAG.
As the project progressed, other Binterested partiesf rom management agencies were invited to the annual meetings, such as representatives from the US Geological Survey, a representative from a terrapin conservation group, and additional personnel from the NOAA Chesapeake Bay Office and the NOAA lab in Oxford, MD. These additional management representatives were not considered part of the ongoing MTAG but offered their input in a more ad hoc way through verbal comments captured in meeting minutes. 
Results
Incorporation of MTAG Input to Science Project
The MTAG met with the project scientists to identify promising avenues of research with the most potential for management applications, and potential study sites that would be of most management interest. The MTAG also identified the timing of particular management decisions and how pertinent research results could fit into that timeline. As the project advanced, the MTAG tracked the progress of the research and offered suggestions on how to focus research activities to best meet management needs. Throughout the project, but especially during the synthesis phase, the MTAG provided insights on communication and transition of the research results.
The first meeting of the MTAG occurred in 2011, just after most of the field studies had started. The MTAG developed and approved terms of reference that explicitly identified the purpose and responsibilities for the MTAG. The MTAG was able to provide advice on site selection and coordination of sampling among the project's science groups. For instance, the MTAG recommended the addition of field sites that included sills and expanding the number of living shoreline sites. They also recommended common designations for sampling locations and watershed land uses for all the research subgroups, to facilitate site comparisons across subgroups. The science group incorporated these recommendations into future field work. Some recommendations were harder for the science group to incorporate, such as including sea level rise scenarios into the project. Since sea level rise was not one of the stressors in the original proposal, there was little capacity in the science group to include it, even though it was of interest to the MTAG.
The initial meeting also included presentations from MTAG members to describe to the science team what issues they address, the management decisions they make, and the timescales of those decisions. For instance, the MD Critical Areas Commission deals with habitat protection for significant plants and wildlife and evaluates buffer management plans for shoreline permits. The MD Coastal Bays program focuses on restoration activities and spends time with local landowners describing the ecological benefits of natural vs. armored shorelines. While both groups have interests in shoreline hardening, their specific usage of the research results vary. The development of mutual understanding between science personnel and management advisors was crucial to the rest of the project's success (see also Hartley and Robertson 2006) .
As the project scientists began their analysis of data, the MTAG was able to recommend different ways of looking at the data that would be useful for their purposes. For example, understanding that the MTAG was interested in community level indices rather than individual species responses was helpful in defining metrics for analysis. The MTAG also endorsed the project's approach to regional analyses based on sub-estuary comparisons, as they felt that management actions were taken on the sub-estuary scale, but management goals were set for Chesapeake Bay as a whole. Understanding sub-estuaries in a regional context was of key interest to the MTAG.
For communication purposes, the MTAG recommended the use of conceptual models for outreach to the management community rather than a long and detailed written synthesis (Liu et al. 2008; Kragt et al. 2013; De Lorme et al. 2016) . MTAG members felt that managers busy with day-to-day activities would not read a long synthesis of the research results, or even a series of shorter scientific syntheses, no matter how interested they might be. An example is provided in Fig. 10 in Kornis et al. 2017a that includes shoreline hardening and land use (developed and cropland) and traces positive or negative relationships between these drivers and water clarity, primary production and SAV, and ultimately to groups of affected macrofauna. By representing these relationships on one diagram with simple positive and negative arrows, it conveys a great deal of information in one drawing.
The scientific team members were committed to preparing scientific publications from their research (this volume is a good example). However, these would not be suitable for management outreach, as the MTAG considered that managers would not have the time to delve deeply into scientific publications. Instead, they recommended Bplain-languageŝ ummaries of publications or short statements of major findings that managers could assimilate easily. Managers were the main audience identified for these, although stakeholders at large might also be interested. At the final meeting in 2015, the project team developed a list of publications and plainlanguage summaries of each publication's main findings. For instance, a 15-page publication (Patrick et al. 2014 ) on the effects of shoreline alteration on SAV (SAV) was summarized in a few lines:
BWe related the abundance of SAV in sub-estuaries to the prevalence of shoreline hardening and to watershed land cover, shoreline land use, and other potential stressors. Major findings include:
1. SAV abundance in a sub-estuary is negatively related to agriculture and development in its watershed and to armoring of wetlands along its shoreline. 2. Wetlands and forest in the watershed and forested shoreline were all positively related to SAVabundance in a subestuary. 3. Since 1984, SAV abundance has continued to increase in sub-estuaries with less than 5.4% riprap but not in subestuaries with more riprap. 4. SAV responses to stressors differed among salinity zones, probably because the zones are dominated by different SAV species.Ŝ
Applications of Scientific Results from the Project
A major outlet for findings from the NOAA shorelines project is the Chesapeake Bay Scientific and Technical Advisory Committee (STAC). This is a body that advises the Chesapeake Bay Program (CBP), a multi-state and Federal partnership that leads and directs Chesapeake Bay restoration and protection. In addition to the STAC, the CBP has six topical Goal Implementation Teams (GITs), which focus on Sustainable Fisheries, Habitat, Water Quality, Watersheds, Stewardship and Partnering. At the end of the project's term, the MTAG began to get more explicit about what meetings to target in order to communicate research results to the STAC and the GITs, especially the Sustainable Fisheries GIT, the Habitat GIT and the Water Quality GIT. The MTAG identified upcoming meetings of these groups for project scientists to present their results. Because members of the MTAG sat on or were connected to these management groups, they were able to facilitate scientific presentations at their meetings. To date, the project has provided input to the Sustainable Fisheries GIT, and project results have implications for Habitat, Water Quality and Watersheds (see other papers in this issue). One of the MTAG members worked directly with Mid-Atlantic Fisheries Management Council (MAFMC) staff to highlight the project and its importance for understanding habitat effects on fisheries. MAFMC is developing a guidance document on Ecosystem Approaches to Fisheries Management. Project results have contributed to the Habitat Section of the document, which should help to broaden the impact of this project beyond the Chesapeake.
In addition to regional management through the Chesapeake Bay Program and the MAFMC, project scientists have integrated a subset of their findings into a NOAA Habitat Focus Area (HFA) in the Choptank River. This program centers on native oyster restoration in three of the Choptank's major tributaries, the Little Choptank River, the Tred Avon River, and the Harris Creek. The NOAA shorelines project had sampling sites in the Choptank before the selection of the Choptank as a target HFA. Data on these sites from the shorelines project are being incorporated into activities and outreach under the HFA, including a detailed assessment of ecosystem conditions and threats. The HFA is also engaging in a common visioning process for the protection and restoration of the Choptank watershed, and the Bplain-languageŝ ummaries and conceptual models are useful for this type of outreach, as they provide a more accessible version of results that can be synthesized for communication purposes. Finally, the NOAA shoreline project's annual meetings provided opportunities for representatives from the Choptank HFA to hear the project's latest findings and for project scientists to be updated on the HFA initiative as it developed and consider how their results could be used in the context of the Choptank oyster restoration efforts.
Discussion
Management-Science Interaction Context
This project exemplifies scientific research with targeted outreach rather than co-production of knowledge (Harris and Lyon 2014; Schuttenberg and Guth 2015; Puente-Rodríguez et al. 2016) . Pohl (2007) recognized two types of interactions between the academic sector and other societal sectors: one (like the shorelines project) that reorganizes knowledge aimed at policy decisions, synthesizing academic information for use by community representatives; and one that is a co-production of knowledge, where the interaction among all stakeholders is an integral part of research informing a particular public policy decision. Our project aimed to provide scientific syntheses and knowledge in a form useful to managers but did not fully involve all stakeholders in knowledge production. Thus, our project is an example of Breconciling supply and demand for science^ (Sarewitz and Pilkey 2007) , where project PIs function as Bscience arbiters^ (Pielke 2007) . In a full coproduction of knowledge, scientific information is used as part of a public decision-making process, and an aim is to have input from a wide range of stakeholders (Harris and Lyon 2014) .
In the Mid-Atlantic shorelines project, it was not feasible to include a wide swath of public participation. The goal was not to completely examine all policy issues surrounding shoreline management but to provide information to managers on the ecological impacts of shoreline modification in the context of other stressors. Both this approach and the co-production of knowledge have utility, and the different approaches are useful in different situations (Runhaar et al. 2016) . Because the MidAtlantic shorelines project had more focused goals than a full societal assessment and goal-setting exercise concerning shoreline hardening, a strategy targeted more specifically towards management applications seemed appropriate. This is why the advisory group was named the Management Transition Advisory Group instead of a Stakeholder Advisory Group. The intent was to inform shoreline management practices with the science results, not to completely include all stakeholder interactions around the issue.
The NOAA shorelines project was conceived to provide information to support decisions about shoreline and watershed management in the Mid-Atlantic region. Scientific results could be applied in evaluating individual permit applications, setting overall limits for the total amount of shoreline that might be permitted in a particular sub-estuary, and/or communicating with landowners about impacts of their individual projects. In this objective, it was more broadly focused than projects attempting to bridge science and management by producing a discrete tool for managers with specific application (De Lorme et al. 2016) or incorporating science advice into a management context in a highly structured decision process (Saarman et al. 2013 ). The MTAG did not recommend a web-based modeling tool. The shorelines project was not identifying specific areas for management actions (e.g., using a GIS-based tool such as those produced by NOAA's Digital Coast (https://coast.noaa.gov/digitalcoast/)) nor was it examining a range of future scenarios (e.g., using a dashboard-type tool such as http://tippingpointplanner.org/). The MTAG did discuss developing a decision tree but several of the decision points were far beyond the scope of this project. Many other factors go into decisions around shoreline management including permitting issues, landowner perceptions, education of contracting firms, differential costs of materials and labor, etc., and it was felt that what was really needed was a synthesis of information from this project in modes that were accessible to management. In this respect, the shorelines project was more concerned with conceptual effects than instrumental effects (sensu Rudd et al. 2011) . Instrumental effects contribute to specific policy or management decisions in the short term, whereas conceptual effects develop knowledge and understanding that informs decision making over a longer time frame.
Many examples of science-management collaboration are designed not only to get scientific results, but also to build consensus and trust among various groups around an issue (Hartley and Robertson 2006; Berkes 2009; Dilling and Lemos 2011; Trimble and Berkes 2013) . In the case of the NOAA shorelines project, the scientific group had a history of working productively with regional management and there was a mutual level of trust already established. This was evaluated as part of the review criteria for the initial request for proposals and was a key factor in the success of the research proposal through the initial review process. Those connections were only strengthened and extended through the work of this project.
Phased Approach to Management Input
Scientific results from the shorelines project are being used in multiple applications rather than one project-wide application. This requires a multi-pronged approach to management engagement, which was facilitated by different agents during different phases of the process (Fig. 1) . Carney et al. (2009) identify several ways that stakeholders can interact with science projects (in their case, climate change research). As discussed below, the shorelines project included many of these roles at different times in the process.
In the program, planning phase (phase 1, Fig. 1 ), the purpose of engaging management was to identify and prioritize science questions and ensure that management needs were included in the proposal review process. The main stakeholder role was as Binitators^and Bshapers^(sensu Carney et al. 2009 ). The funding program and federal program manager (FPM) led efforts to incorporate management input into the resulting RFP. Research priorities were identified through workshops and national reports with a broad reach to the management community. These broad needs were refined with a regional workshop and report (STAC 2006) targeted towards the Mid-Atlantic. While the science and management communities both had input to this process, it was important to keep specific planning within the funding program, as conflicts of interest could result from having research priorities set by those who would ultimately be applying for the research funding.
During development of the RFP, the FPM and funding program included not only the science priorities identified by managers but also the requirement to involve managers in the proposed work (see RFP in electronic supplement). This was clear in the review criteria (Matso and Becker 2014) , where 30% of the review score depended on proposers to identify the specific research results that would apply to needs expressed by managers. An additional 10% of the score related to a demonstration of Bclear connections to management entities that will use the results of the proposed work and define the specific products, outcomes and timing of the proposed work that will be used in achieving this goal.^The remaining score was based on scientific merit (30%), qualification of applicants (20%), and project costs (10%). Management input was also included in the review process for proposals by soliciting external reviewers and panelists from coastal management agencies at the Federal and state level, as noted in the methods section above.
The lead PI from the project and the FPM shared responsibilities for management engagement once the implementation phase began (phase 2, Fig. 1 ). This phase emphasized the engagement of managers for the science team to learn about specific needs associated with shoreline management decisions and for the MTAG to provide feedback on science approaches. It involved the initial workshop, recruitment of individuals to serve on the MTAG, clarifying roles and responsibilities for the MTAG, scheduling regular interactions with opportunities for informal trust building, and facilitating discussions between the science team and the MTAG. Participants in the initial workshop could be considered Binformers^ (Carney et al. 2009 ). They provided input and advice in the initial stage of the project that helped to clarify project approaches and set a tone for eventual information products.
Once the MTAG was initiated, this process became more of a group interaction among the PI, FPM, MTAG, and project scientists. During this phase, the MTAG gave feedback on project approaches and findings, offered suggestions for further study and helped to create main messages from the science results that would resonate with managers. Therefore, the MTAG served Carney et al.'s (2009) Bcentral^role as shapers of the science approach, reviewers of the information being produced, recipients of findings, and reflectors on the scientific approach and ideas for further study.
The application phase (phase 3, Fig. 1 ) emphasizes outreach and utilization of the results by MTAG members and extends past the end date of the project. It depends on the continued involvement of the MTAG with the FPM and the science PIs. MTAG members identify venues for the science results to be presented to management bodies and use scientific results in their deliberations and policymaking. This is very difficult to quantify, as MTAG members may be influenced in many ways by the science and there is rarely a direct path from a science result to a specific management decision. This type of interaction was not specifically identified by Carney et al. (2009) but could be characterized as Bpromoter^or Bambassador^, since they actively promoted the dissemination of research results in their own management orbits.
An additional post-project phase (phase 4, Fig. 1 ) is not often highlighted in reports of science-management connections, but it serves crucial functions. It allows the science results to have impacts far beyond the end date of the project. In most cases, the scientists and managers will continue to interact in other venues, and knowledge gained from a specific project can be propagated beyond the original intent of the proposal. New scientific ideas can be generated through the connections fostered during the course of the project, which then feed back into the program planning phase for a subsequent project.
Challenges Encountered
One challenge in integrating science and management for this project was that the management landscape evolved during the project through different state administrations. As state administrations turned over after elections, they had differing approaches to environmental policy and installed different personnel in their coastal management agencies. Sustained involvement of MTAG members could have been a challenge. Because the membership was targeted towards middle-management rather than agency heads, most of the MTAG representatives remained consistent throughout the project, although their agencies changed direction somewhat based on gubernatorial election results. This emphasis on middle-level managers allowed the MTAG to provide advice grounded in their day-to-day interactions with both their upper-level management and the wider stakeholder community for their agency.
Another challenge for this project was applying results towards local actions, mostly at the county level where much of the permitting and on-the-ground shoreline alteration occurs. The involvement of local permitters could have been more robust, with targeted information products specific to their needs. However, the project was designed to work on the regional level. Finding one or two county representatives that could articulate needs for the entire Mid-Atlantic region would be a problem, and expanding the size of the MTAG to incorporate representatives from every locality was not feasible. Furthermore, the project would not have been able to produce individualized science products for every locality, as the strongest relationships were uncovered by analyzing data that looked across the whole bay, rather than a single subestuary , Kornis et al. 2017b , Landry and Golden 2017 , Prosser 2017 . One of the initial recommendations from the MTAG was support for the project's focus on the sub-estuary scale, which was thought to be the most fruitful spatial scale for investigation of multiple stresses in a regional context. These regional-scale analyses are more useful to wider-scale management efforts under the Chesapeake Bay Program.
A significant challenge in applying science from the MidAtlantic shorelines project to management is the time lag between management adoption and research findings (OSB 1995; Kates et al. 2001; CSO 2005; Cash et al. 2006; McNie 2007; ORRAP 2007) . Scientists genuinely want their results to be used to inform management and policy decisions, but policy changes do not happen on the same time frames as scientific progress nor is a scientific result the sole driver for policy change. In the case of shoreline management, the project was able to provide evidence of interactions between watershed development, shoreline type, and ecological impacts (see other papers in this issue). Results from this project will be influential in providing information and will be impactful beyond the end date of this individual project, but immediate changes to policy were not possible during the time frame of the project. However, there is an opposite timing challenge as well, in that some scientists were reluctant to bring their research results to managers before thorough analysis was completed.
Continued involvement with the Chesapeake Bay Program STAC and other information outlets will be needed to fully capitalize on the research. Future communications are made easier by the history of collaboration by the science team, and new connections were made through the MTAG.
The challenges above involve the application of science in a management context, with the flow of information going from science results to management applications. However, the MTAG did not have a specific goal of implementing new management based on the science findings (see the four MTAG goals above and in Fig. 2 ) but to influence the science program as it was ongoing. Therefore, an important flow of information was going in the other direction, from management advisors to scientists. The MTAG members listened to research presentations and were informed by them. Then, the MTAG informed the science team about which findings were most relevant to management and suggested what directions would be most fruitful to pursue.
The MTAG was quite successful in providing advice to guide the science program (see examples given in results section). However, some challenges still remained. In particular, the proposal goals were set and the research team was in place to address those goals before the MTAG was initiated. It was difficult to modify these goals once the project was in progress. For instance, the MTAG was interested in diamondback terrapins, which are classified as a Bspecies of greatest conservation need^in Maryland. While the field teams did manage to collect some presence/absence data on terrapins, the original proposal did not include terrapins as target species and the science team had little expertise (or extra resources) to apply to terrapins. A comment from one of the project participants expresses this dilemma: BThe questions and approaches were already defined in the successful proposal and award. Many MTAG suggestions for changes or additions couldn't be implemented because of data or resource limitations^. And, BIt would have been helpful to have their involvement at the PROPOSAL phase, though I'm not sure how possible that would be. Assembling such a team prior to submitting a proposal would be a huge time investment, with little assurance of a return^.
Conclusions
Notwithstanding these challenges, the project was able to address several needs articulated by the MTAG. The project's regional approach with a focus on sub-estuary comparisons aligned with MTAG interests. The science team was able to make modifications to their sampling and analyses based on MTAG recommendations. Perhaps most importantly, the MTAG was able to suggest venues and formats for the science to be communicated to regional management bodies, and the results are being incorporated into the Chesapeake Bay Goal Implementation Teams, planning for NOAA HFAs, and state management efforts. Without a MTAG for this project, it is unlikely that these outcomes would be as plentiful or as impactful.
The MTAG was an important component of the NOAA shorelines project. Elements of the approach that contributed to success included:
& a well-targeted initial request for proposals that required a management advisory group, & a review process that included management input both as a review criterion and on the review panel, & a careful process in choosing MTAG members at the appropriate level in the agencies, & regular opportunities for interactions between the MTAG and the science team, and active involvement of the NOAA program manager as liaison throughout the life of the project.
More projects are adopting ways of integrating managers and policymakers with scientists, and every situation will require approaches tailored to their geographies, issues, governance structures, and personnel. Not every science program can implement a full adaptive management approach, or involve managers in all phases of the initial planning of the science proposal in a joint fact-finding enterprise. This case study provides an example of targeted engagement that influenced a science program to help make its results applicable to managers. Similar efforts should be encouraged to enhance the utility of coastal science and provide information to sustain coastal ecosystems for future generations.
